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ABSTRACT
This report presents detailed analyses of energy use in the 368
commercial and industrial sectors of the U. S. economy in 1963, and of
intersector dependence in energy terms. Besides direct use, full atten-
tion is paid to the flow of non-energy goods and the energy thereby
implied. The approach, which is based on energy Input-Output analysis,
is described. Results: In Section 2, sectors are ranked according to
several energy-use criteria: 1) direct energy use, 2) energy intensity
of the sector's output, and 3) energy required in the actual economy
to provide the sector's total deliveries to final demand. In Section
3, a detailed energy accounting of all inputs is given for each sector.
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1 . INTRODUCTION
This report presents detailed analyses of energy use in the commercial
and industrial sectors of the U.S. economy. Detailed energy flow tables
are presented for over 360 sectors, and the relationships between them are
expressed in terms of energy.
These results are based on a previous study [l] in which the energy
intensity of each sector's output was determined. Energy intensity is de-
fined as the amount of energy required, directly and indirectly, to produce
a dollar's worth of a particular good or service. Since it is measured
in Btu/$, it can be used to convert dollar flows to energy flows.
The most detailed data on the interrelationships among commercial and
industrial sectors of the economy are from input-output studies by the U.S.
Department of Commerce [2]. In this report we transform those relationships
(expressed in dollars) into energy terms, and construct a picture of energy















Figure 1. A typical sector as an energy flow junction
Thus, it is possible to view each sector as a junction in a complex
system, where hundreds of inputs come together and are assembled in a certain
manner to produce an output having a unique energy intensity. If there is
leeway to substitute, replacing high energy intensity inputs with less energy
intensive ones, an opportunity for energy conservation exists. If a firm
cannot substitute among its inputs, it is potentially vulnerable to fuel
supply disruptions in other sectors of the economy. This conservation-
through-substitution may be compared with the "usual" form of conservation,
i.e., through increased efficiency of energy use.
For an individual firm this report contains information to help
develop energy conservation plans, and to understand more fully its dependence
on various types of energy. For policymakers, the report includes data
showing where energy is consumed, and where conservation policies might effect
substantial energy savings.
Section 2 presents an overview of energy use in commerce and industry.
The sectors are ranked according to several energy use criteria:
1) direct energy use by the sector;
2) energy intensity of the sector's output;
3) energy required to provide the sector's total deliveries to final
demand.
Using this information the reader can identify those sectors most strongly
dependent on certain fuels, and sectors where the potential for energy
conservation is the greatest.
Section 3 contains a detailed energy input analysis for each sector of
the economy. Details of each sector's dependence on energy are shown, and
the importance of energy in interindustry relationships is emphasized.
These tables can serve as a baseline for development of energy conservation
plans by individual firms.
The energy intensities used in this report were taken from Reference 1.
The methods for deriving them are reviewed in Appendix A. Since the latest
data available are for 1963, all figures represent national average inter-
industry relationships at that time.
1.1 How to Use the Tables in this Report
Table 1 lists the sectors analyzed in this report. It is reproduced
from ref . 2 and contains the name of each sector and its corresponding
sector number. The sector number is the key to locating the energy input
analysis for a particular sector in Section 3. A typical energy input analysis
(from Table 5) is explained in Section 3.2.2.
Tables 2, 3 and 4 contain the rankings which can serve as a basis for
selecting certain sectors of interest. The sectors are listed by name and
number to facilitate reference to Table 5.
Table 1. Sectors of the U. S. economy
Industry Classification of the 1963 Input-Output Tables
The underlined titles represent the groupings of industries used for the summary version of the
l?n'3 tables and were also used in the 1958 and 19^1 input-output tables prepared by the Office
of Business Economics.
Industry number and title Related SIC code:
(1957 edition)
AGRICULTURAL, FORESTRY & FISHERIES
1 Livestock £ livestock products
1.01 Dairy farm products 0132, pt. OlU, pt. 02
1.02 Poultry & ergs - 0133, pt. OlU, pt. 02
1.03 Meai;, animals & miscellaneous livestock products 0139, pt. OlU, 0193, pt.
0729, pt. 02
2 Other agricultural products
2.01 Cotton 0112, pt. OlU, pt. 02
2.02 Food feed grains & grass seeds 0113, pt. 0119, pt. OlU,
pt. 02
2.03 Tobacco pt. 0119, pt. OlU, pt. 02
2.0U Fruits & tree nuts 0122, pt. OlU, pt. 02
2.05 Vegetables, sugar & miscellaneous crops 0123, pt. 0119, pt. OlU,
pt. 02
2.06 Oil bearing crops pt. 0119, pt. OlU, pt. 02
2.07 Forest, greenhouse & nursery products 0192, pt. OlU, pt. 02
3 Forestry & fishery products
3.00 Forestry & fishery products - 07U, 08l, 082, 08U, 086, 091
U Agricultural, forestry & fishery services
U.00 Agricultural, forestry & fishery services 071, O723, 073, vt. 0729.
MINING
5 Iron & ferroalloy ores mining
5.00 Iron It ferroalloy ores mining 1011, 106
6 Nonferrous metal ores mining
6.01 Copper ore mining 102
6.02 Nonferrous metal ores mining, except copper 103, 10U, 105, 108, 109
7 Coal mini a;
7.00 Coal mining 11, 12
8 Crude petroleum & natural gas
8.00 Crude petroleum & natural gas 13L1, 1321
9 Stone ?c clay mining & quarrying
9.00 Stone S= clay mining & quarrying lUl, lU2, lUU, 1U5, lU8, 1U9
10 Chemicals & fertilizer mineral mining
10.00 Chemical St fertiliser mineral mining lU7
CONSTRUCTION
11 New construction
11.01 Ilev construction, residential buildings (nonfarm)— pt. 15, pt. 16, pt. 17,
pt. 6561
ix
Industry number and title
Related GTC codes
(1957 edition)
11.02 Hew construction, nonresidential buildings pt. 15, pt. 1Y
11.03 New construction, public utilities pt. 15, pt. l6, pt. 17
11. 04 New construction, h.'Khvays pt. l6, pt. 17
11.05 Now construction, all other pt. 15, pt. lo, pt. 17, 13°
12 Maintenance &• repair construction
12.01 Maintenance &c repair construction, residential
buildings (nonfarm) — P't. 15, pt. 17
12.02 Maintenance & repair construction, all other pt. 15, pt. l6, pt. 17
MANUFACTURING
13 Ordnance & accessories
13.01 Complete guided missiles — 1925
13.02 Ammunition, except for small arms, n.e.c. 1929
13.03 Tanks & tank components — 1931
13. 04 Sighting & fire control equipment 19^1
13.05 Small arms 1951
13.06 Small arms ammunition ' 19ol
13.07 Other ordnance & accessories 1911, 1999
14 Food & kindred products
14.01 Meat products 201
14.02 Creamery butter ~ 2021
lU.03 Cheese, natural & processed 2022
14.04 Condensed & evaporated milk 2023
lU.05 Ice cream & frozen desserts-*- 2024
lk.06 Fluid milk - 2026
lU.07 Canned & cured sea foods 2031
14.08 Canned specialties 2032
lU.09 Canned fruits & vegetables 2033
l4. 10 Dehydrated food products 2034
lk. 11 Pickles, sauces & salad dressings 2035
14.12 Fresh or frozen packaged fish 2036
lk. 13 Frozen fruits & vegetables 2037
11+.. il+ Flour & cereal preparations 2041, 201+3, 2045
lk. 15 Prepared feeds for animals & fowls 2042
14.16 Rice milling - 2044
14.17 Wet corn milling 2046
14.18 Bakery products 205
14.19 Sugar - 206
14.20 Confectionery & related products 207
14.21 Alcoholic beverages 20^"5
14.22 Bottled & canned soft drinks 208o
14.23 Flavoring extracts & sirups, n.e.c. 2087
14.24 Cottonseed oil mills 2091
14.25 Soybean oil mills 2092
l4.2o Vegetable oil mills, n.e.c 2093
14.27 Animal & marine fats & oils — 2094
14.28 Roasted coffee - 2095
14.29 Shortening & cooking oils 2096
14.30 Manufactured ice 2097
14.31 Macaroni & spaghetti - - 2098
14.32 Food preparations, n.e.c. 2099
Industry number and title Related SIC codes(1957 edition)
15 Tobacco manufactures
15.01 Cigarettes, cigars, etc -— 2111, 2121, 2131
15.02 Tobacco stemming & redrying L 2l4l
16 Broad & narrow fabrics, yarn & thread mills
16.01 Broadwoven fabric mills & fabric finishing plants 2211, 2221, 2231, 226.1, 2262
16.02 Narrow fabric mills 22^1
16.03 Yarn mills & finishing of textiles, n.e.c 2269, 2281-3
16. Ok Thread mills - - 2284
17 Miscellaneous textile goods & floor coverings
17.01 Floor coverings ----- 227
17-02 Felt goods, n.e.c. 2291
17.03 Lace goods - 2292
17. o£ Paddings & upholstery fillings — 2293
17.05 Processed textile waste 2294
17.06 Coated fabrics, not rubberized 2295
17.07 Tire cord & fabric 2296
17.08 Scouring & combing plants 2297
17.09 Cordage & twine 2298
17.10 Textile goods, n.e.c 2299
18 Apparel
18.01 Hosiery - 2251, 2252
18.02 Knit apparel mills - — 2253, 2254, 2259
18.03 Knit fabric mills 2256
18.04 Apparel made from purchased materials 23 (exc. 239), 3992
19 Miscellaneous fabricated textile products
19.01 Curtains & draperies 2391
19.02 Housefurnishings, n.e.c. 2392
19.03 Fabricated textile products, n.s.c 2393-9
20 Lumber & wood -products, except containers
20.01 Logging camps & logging contractors 24ll
20.02 Sawmills & planing mills, general 2421
20.03 Hardwood dimension & flooring 2426
20.01+ Snecial product sawmills, n.e.c. 2429
20. C5 Millwork --- 2431
20.06 Veneer St plywood 2432
20.07 Prefabricated wood structures 2433
20.08 Wood preserving 2491
20.09 Wood products, n.e.c. 2^99
21 Wooden containers
21.00 Wooden containers 244
22 Household furniture
22.01 Wood household furniture - — 2511, 2519
22.02 Upholstered household furniture 2512
22.03 Metal household furniture— - 25l4
22.04 Mattresses & bedsprings
.
2515
23 Other furniture & fixtures
23.01 Wood office furniture 2521
23.02 Metal office furniture - 2522
23.03 Public building furniture 2531
23.04 Wood partitions & fixtures 254l
23.05 Metal partitions 85 fixtures - 2542
23.06 Venetian blinds & shades 2591
23.07 Furniture & fixtures, n.e.c 2599
xi
Industry number and title Re la Led SIC code
(1757 edition)
24 Fnr^r & -tllicd troducts except containers, & boxes
24.01 Pulp mills - " 2f?)11
24.02 Paper mills, except building paper 2^21
24.03 Piper-board rails - - 2631
24.04 Envelopes - 261+2
24.05 Sanitary paper products 2647
24.06 Wallpaper & building paper & board nills 2644, 2661
24.07 Converted paper, nroducts n.e.c. except containers
& boxes - - 2641, 2643, 2645, 2646, 2649
25 Fayerboard containers & boxes
25.00 Paperboard containers & boxes 265
26 Print in-:; Sc publishing
26.01 Newspapers 2711
26.02 Periodicals 2721
26.03 Book printing Sc publishing 2J3
?6.04 Miscellaneous publishing 274l
26.05 Commercial printing . 2751, 2752
26.06 Manifold business forms, blankbooks & binders 2761, 2782
26.07 Greeting card publishing 2771
26.08 Miscellaneous printing services 2753> 2789, 279
27 Chemicals & selected chemical -products
27.01 Industrial inorganic & organic chemicals : 28l except 28195
27.02 Fertilizers 287I, 2872
27.03 Agricultural chemicals, n.e.c. 2879
27.04 Miscellaneous chemical products 286l, 289
28 Plastics & synthetic materials
28.01 Plastics materials & resins 2821
28.02 ' Synthetic rubber ?^?-
28.03 Cellulosic man-made fibers 2823
28.04 Organic fibers, noncellulosic 2824
29 Drugs, cleaning & toilet preparations
29.01 Drugs -- - " — 283
29.02 Cleaning preparations- 204 except 2tm
29.03 Toilet preparations 2844
30 Paints & allied -products
30.00 Paints & allied products 2851
31 Petroleum refining & related industries
31.01 Petroleum refining & related products 2911, 299
31.02 Paving mixtures 2c blocks 2951
31.03 Asphalt felts 8c coatings 2952
32 Rubber 8c miscellaneous -plasties rroducts
32.01 Tires Zc inner tubes 3011
32.02 Rubber footwear 3^21





32.04 Miscellaneous plastics products 307?
33 Leather tanning ' Industrial leather -products
33.OO Leather tanning & industrial leather products 31H> 3121
xii

















































34 Foot v.-e-'r & other Irathcr products
Footwear cut stock 3131
Footwear except rubber 3 pi;
Other leather products 33.51, 33.61, 317, 33.99
35 Glass & glass proluctr;
Glass & glass products except containers 3211, 3229, 3231
Glass containers 3221
36 Stone & clay nrolucts
Cement , hydrau.1 : e 324l
Brick & structural clay tile 3251
Ceramic wall & floor tile 3253
Clay refractories 3255
Structural clay products, n.e.c. 3259
Vitreous plumbing fixtures 326l
Food utensils, pottery 32o2, 3263
Porcelain electrical supplies 3264
Pottery products, n.e.c 3269
Concrete block & brick 3271
Concrete products, n.e.c. 3272
Ready-mixed concrete 3273
Lime 3274
Gypsum products . 3275
Cut stone & stone products 328l
Abrasive products "3291
Asbestos products 3292
Gaskets & insulations 3293
Minerals, ground or treated 3295
Mineral wool 3296
Nonclay refractories 3297
Nonmetallic mineral products, n.e.c. 3299
37 Primary iron & steel manufacturing
Blast furnace & basic steel products 331
Iron & steel foundries 332
Iron 5c steel forcings 3391
Primary metal products n.e.c. 3399




Primary aluminum 333^, 28195
Primary nonferrous metals, n.e.c. 3339
Secondary nonferrous metals 334l
Copper rolling <* drawing 3351
Aluminum rolling & drawing 3352
Nonferrous rolling & drawing, n.e.c 3356
Nonferrous wire drawing & insulating 3357
Aluminum castings 336l
Brans, bronze & ccrper castings 3362




Metal barrels, drums & pails 3491
xiH
Industry number and title
Related SIC code;
(1957 edition)
1,0 He" t i n,', plumbing ^fabricated structural metal products
1)0.01 Metal sanitary ware 3431
40.02 Plumbing fittings ?< brass goods 3' 1 3^
1*0.03 Heating equipment except electric 3^33
1+0. 0*+ Fabricated structural steel 344
1
1+0.05 Metal doors, sash & trim 3^42
I1O.O6 fabricated plate work (boiler shops)— 3443
1+0.07 Sheet metal work 3^
1+0.08 Architectural metal work -- 3^6
1+0.09 Miscellaneous metal work 3*^9
1+1 Screw machine products , bolts, nuts, etc- & metal stampings
1+1.01 Screw machine products & bolts, nuts, rivets &
washers 3j*5
1+1.02 Metal stampings 346l
1+2 Other fabricated metal products
1+2.01 Cutlery - 3421
1+2.02 Hand & edge tools including saws 3^23, 3425
1+2.03 Hardware, n.e.c. 3429
1+2.04 Coating, engraving & allied services 3471, 3479
1+2.05 Miscellaneous fabricated wire products 348l
1+2.06 Safes & vaults 3J+92
1+2.07 Steel springs - 3J+93
1+2.08 Pipe, valves & pipe fittings 3J94, 3^9«
1+2.09 Collapsible tubes 3j+9o
1+2.10 Metal foil & leaf - - — 3^97
1+2.11 Fabricated metal products, n.e.c 3499
1+3 Engines & turbines
1+3.01 Steam engines & turbines 3511
ii.3.02 Internal combustion engines, n.e.c. 3519
1+1+ Farm machinery
1+4. 00 Farm machinery-- 3522
1+5 Construction, mining, oil field machinery, equipment
1+3.01 Construction machinery 3531
1+5.02 Mining machinery 3532
I+5.O3 Oil field machinery 3533
46 Materials har.dljng machinery £ equipment
1+6.01 Elevators & moving ctair^-ays 3534
1+6.02 Conveyors & conveying equipment 3535
1+6.03 Hoists, cranes & monorails 3536
46.01+ Industrial tricks & tractors 3537
1+7 Metalvcrking machinery & equipment
1+7-01 Machine tools, metal cutting types 35jH
1+7.02 Machine tools, metal forming types 35^2
1+7.03 Special dies & tools & machine tool accessories 3544, 3545
1+7.04 Metalworking machinery, n.e. c. 3548
1+8 Special industry machinery & equipment
48.01 Food products machinery 3551
1+8.02 Textile machinery 3552
48.03 Woodworking machinery 3553
1+8.01+ Paper industries machinery 3554
48.05 Printing trades machinery 3555
1+8.06 Special industry machinery, n.e.c 3559
xiv
49 General induntr l tl machinery & equipment
4Q.01 Puniis & compressors 356l
49.02 Bill & roller bearings 35^2
1*9.03 Blowers & fans - - -- 3?64
Iq.Ok Industrial patterns 35o5
1*9. 05 Power transmission equipment 3566
2*9. 06 Industrial furnaces & ovens 3567
1*9.07 General industrial machinery, n.e.c 3569
50 Machine shop products
50.00 Machine shop products 359
51 Office, computing & Accounting machines
51.01 Computing >•< related machines 3571
51-02 Typewriters 3572
51.03 Scales & balances 3576
51. 04 Office machines, n.e.c 3579
52 Service Industry machines
52.01 Automatic merchandising machines 358l
52.02 Commercial laundry equipment 3582
52.03 Refrigeration machinery 3585
52.04 Measuring & dispensing pumps 3586
52.05 Service industry machines, n.e.c. 3589
53 Electric transmission & distribution equipment & electrical
industrial apparatus
53-01 Electric measuring instruments 36ll
53.02 Transformers 3612
53.03 Switchgear & switchboard apparatus 3613
53-04 Motors *c -^nerators— - — — 3621
53.05 Industrial controls 3622
53.06 Welding apparatus 3623
53.07 Carbon & graphite products 3624
53-08 Electrical Industrial apparatus, n.e.c. 3629
54 Household appliances
54.01 Household cooking equipment 3631
54.02 Household refri ;erators & freezers 3632
54.03 Household laundry equipment 3633
54.04 Electric housewares & fans < 3634
54.05 Household vacuum cleaners 3635
54.06 Sewing machines 3636
54.07 Household appliances, n.e.c 3639
55 Electric lighting "c wiring equipment
55-Oi Electric lamps - - - 364l
55-02 Lighting fixtures-- 361*2
55-03 Wiring devices 3643, 3644
56 Radio, television h communication equipment
56.01 Radio & TV receiving sets 3651
56.02 Phonograph records 3652
56.03 Telephone & telegraph apparatus 3661
56.04 Radio & TV communication equipment 3662
57 Electronic components & accessories
57-01 Electron tubes 3671, 3672, 3673
5f.02 Semiconductors 3674
57-03 Electronic components, n.e.c 3679
XV
Industry number and title Related SIC codes
(1957 edition)
58 Miseell.-u-v^us i-lectricn]. machinery, equipment & supplies
58.01 Storage ~batturies 3691
58.02 Primary batteries, wet & dry — 3692
58.03 X-ray apparatus St. tubes - -3o93
58.04 Engine electrical equipment 3694
58.05 Electrical equipment, n.e.c. 3699
59 Motor veh ic le? & equipment
59-01 Truck & bur, bodies - 3713
59-02 Truck trailers 3715
59.03 Motor vehicles & parts - 3717
60 Aircraft & parts
60.01 Aircraft 3721
60.02 Aircraft engines & parts-- 3722
60.03 Aircraft propellers & parts 3723
60. 04 Aircraft equipment, n.e.c. 3729
61 Other transportation equipment
61.01 Shipbuilding & repairing 3731
61.02 Boatbuilding & repairing 3732
61.03 Locomotives & parts 37^1
6l. Ok Railroad & street cars 3742
61.05 Motorcycles, bicycles & parts 3751
61.06 Trailer coaches 3791
61.07 Transportation equipment, n.e.c. 3799
62 Professional, scientific & controlling instruments & supplies
62.01 Engineering & scientific instruments . 3811
62.02 Mechanical measuring devices 3821
62.03 Automatic temperature controls > 3822
62. OU Surgical & medical instruments 38U1
62.05 Surgical appliances & supplies 3842
62.06 Dental equipment & supplies 3843
62.07 Watches, clocks & parts 387
63 Optical, ophthalmic, & photographic equipment & supplies
63.01 Optical instruments cc lenses 3831
63.02 Ophthalmic *oods 3851
6°. 03 Photographic equipment & supplies 3861
6U Miscellaneous manufacturing
64.01 Jewelry, including costume & silverware 391, 396l
64.02 Musical instruments & parts 3931
6h.03 Games, toys, etc - 39^1
64.04 Sporting & athletic goods, n.e.c. 3949
61+. 05 Pens, pencils, etc. 395
64.06 Artificial flowers -- 39^2
64.07 3uttons, needles, pins & fasteners— 3963, 3964
6U.08 Broqns & brushes 398l
64.09 Hard surface floor covering 3982
64.10 Morticians rood::.-- 39S8
64.11 Signs & advertising displays 3993
64.12 Miscellaneous manufactures, n.e.c. 3983, 3984, 3987, 3995, 3999
xvi
Industry number and title Related SIC codes
(1957 edition)
TRANSPORTATION, COMMUNI CATION, ELECTRIC, GAS, & SANITARY SERVICES
65 Transportation 'c varehounlu;
65.01 Railroads & related services 1+0, kjk
65.02 local, suburban & interurban highway passenger
transportation 1+1
65.03 Motor frei lit transportation & warehousing 1+2, 1+73
65.01+ Water transportation 1+4
65.05 Air transportation 1+5
65.06 Pipe line transportation 1*6
65.07 Transportation services 1+7 , except 1+73, I+7I+
66 Corn'-iurrlcatier." except radio ft television broadcasting
66.00 Couaunicat .ions, except radio « television IB, except ^-83
67 Rr.dio & TV broadcast jr- .j
67.00 Radio & television broadcasting k&3
68 Electric, .^.s, water & sanitary services
68.01 Electric utilities U91, pt. 1+93
68.02 Gas utilities— 1+92, pt. 1+93
68.03 Water & sanitary services 1*9U, 1+95, ^96, 1+97, pt. 1+93
WHOLESALE & RETAIL TRADE
69 Wholesale 5- retail trade
69.01 Wholesale trade 1 50 (except manufacturers'
sales offices)
69.02 Retail trade - . 52, 53, 5^, 55, 56, 57, 58,
59, 7396
FINANCE, INSURANCE & REAL ESTATE
70 Finance ?-. insurance
70.01 Banking 60
70.02 Credit agencies bl, 67
70.03 Security & cazuodity brokers 62
70.01+ Insurance carriers — 63
70.05 Insurance agents & brokers '• 6k
71 Real estate & rental
71.01 O.mer-occ: led dwe2.li.ngs NA
71.02 Real estate 65 (except pt. 6561), 66
SERVICES
72 Hotels & lee —'n[ y laces; personal St repair services,
except, air.', eb: ' >. y •',?
72.01 Hotels 5: louring places 70
72.02 Personal 1 repair services, except auto repair,
barber, &. beauty shops 72 (except 723, 721+ ), 76
(except 769I+ & pt. 7699)
72.03 Barber & beauty shops 723, 72l+
73 Business Services
73*01 Miscellaneous uusiness services 73 (except 731, 7396), 769I+,
pt. 7699
73-02 Advertising 731
73-03 Miscellaneous professional services— - 8l, 89 (except 8921)
xvii
Industry number and title Rel&tcd SIC code!
(1957 edition)
"ih- R r
-''"-"vrcl l ?• tli vcl 'Trent
7^-00 Eliminated as u separate Industry in the 196.3 study.
Research & development performed for sale is dis-
tributed to the purchaser by each of the industries
performing the research & development.
75 Automobile repair & servicer.
75*00 Automobile repair & services 75
76 Amusements
76.01 Motion picture:. 78
76.02 Amusement & recreation cervices 79
77 Medical, educational services & non-profit organizations
77.01 Doctors & dentists 301, 802, 803, 804
77.02 Hospitals 806l
77.03 Other medical Sc health services 0722, 807, 809
77.04 Educational services 82
77.05 Nonprofit organizations -- 84, 86, 8921
GOVERNMENT ENTERPRISES
78 Federal Government enterprises
78.01 Post Office - —
78.02 Federal electric utilities
78.03 Commodity Credit Corporation
78.04 Other Federal Government enterprises-
79 State & local government enterprises
79*01 Local government passenger transit ;
7^.02 btate ft local electric utilities-—-— ------
79.03 Other state & local government enterprises-
IMPORTS
80 Gross imports of goods & seta-ice a
80.01 Directly allocated imports
80.02 Transferred imports
DU4MY INDUSTRIES
81 Business + ravel, entertainment & rifts
8l.00 Business travel, entertainment & gift
82 Office supplies
82.00 Office supplies-
83 Scrap, used & secondhand reel s





85 Rest of the vorld industry




Industry number and title Related SIC codes
(1957 edition)
87 Inventory vnluati on adjustment
87.OO Inventory valuation adjustment
88.00 Total intermediate output
Personal consumption expenditures
96.6O Personal consumption expenditures
Gross private fixed capita] formation
96.7O Gross private fixed capital formation
Net inventory change




97«10 Federal Government purchases, defense
97*20 Federal Government purchases, other
State and local gnyerment purchases
98.6O State and local government purchases, education-
98.7O State and local government purchases, health,
welfare and sanitation
98.80 State and local government purchases, safety
98.9O State and local government purchases, other
99.02 Total final demand
99«03 Total output -
99.01+ Transfers -
I Total intermediate inputs
V.A. Value added
T Total inputs
TR Transfers -' -
xix
2. OVERVIEW OF ENERGY USE
The purpose of this section is to provide the reader with an overview of
energy use by commerce and industry. The sectors are ranked according to three
different criteria. After inspecting the rankings, the reader may select
several sectors of interest to him, and turn to the corresponding tables in
Section 3 for a more detailed look at their energy flows
.
The criteria for ranking sectors were selected to answer three basic
questions about energy use: Where is energy consumed? How can the energy
intensity of a product be affected by increasing fuel use efficiency in the
producing sector ? What elements of final demand (GNP) are responsible for
the largest energy demands?
Tables 2,3 and h rank commercial and industrial sectors according to
these criteria. Within each table, six rankings are presented. The first
five correspond to the five fuels considered:
a) coal
b) crude oil and gas (extraction)
c) refined petroleum products
d) electricity
e) natural gas
and the sixth ranks sectors according to total energy.
2.1 Direct Energy Use
Table 2 shows where fuels are consumed. The top 100 sectors are ranked;
they include industrial, commercial, transportation, and residential users.
This ranking will help identify the areas where increasing end-use efficiencies
might produce the largest payoffs.
For each fuel, use by the top 100 consuming sectors is listed, along
with the percentage of the national consumption their use represents. In
the case of energy sectors, the fuel may not actually be "consumed",
but only converted from one form to another. Electric energy is listed
at 3^+12 Btu/kWh. Entries in Table 2f are merely the sum of the entries in
Tables 2a through 2e.
Energy sectors are omitted from Table 2f , so the figures repre-
sent the total energy actually consumed in each non-energy sector. Percen-
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52.2 Energy Intensity of Goods and Services
Table 3 shows the energy intensities of the outputs of each producing
sector, and indicates how much of that energy intensity that was added by
the producing sector's direct consumption of energy. It gives an indication
of how the energy intensity of a product might be affected by increasing
end-use energy efficiency in the producing sector. All sectors, except
energy producing sectors, are ranked.
Energy intensities for each fuel type are taken directly from ref . 1.
The percentage of that fuel burned directly by the sector producing









where R. = Btu fuel i burned in sector k per $ output from k
(i-A) = $ output from k required directly and indirectly per $ k to
final demand
£.,= Btu of energy i required directly and indirectly throughout the
IK
economy per $ k to final demand; also called energy intensity
.= percent of the enei
consumed by sector k,
PCT rgy intensity (type i)of product k that was
IK.
The definition of PCT., must be precisely stated. It answers the
question: "Of the total energy required to produce product k ( the sum of all
energy consumed in all sectors of the economy per $ worth of k), how much
was consumed in sector k itself? It is not simply R., /e., because we
* J lk lk
must take account of the fact that the energy intensity of k ( say k = cars)
includes energy required to manufacture cars needed by other sectors so they
can supply inputs to the car manufacturing sector! Since the car sector must
produce (i-A) (a number greater than one) cars for every car delivered to
final demand, that factor must appear in the numerator.
Table 3f ranks sectors according to total primary energy intensity.
Primary energy is defined in ref. 1 to avoid double counting primary (e.g.
coal) and secondary (e.g. electricity made from coal). It is the sum of
the coal, crude oil and gas, and the fossil fuel equivalent of hydro and nuc-
lear electricity. The percentage of total primary energy content consumed











where e^ is the total primary energy intensity of the output of sector k.
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2. 3 Energy Required Directly and Indirectly to Meet Final Demands
Table h shows how much of the nation's energy consumption resulted
from final demands for the output of various sectors. The top 100 sectors
are ranked. Those components of the GNP producing the largest energy demands
can he identified from these tables. To the extent that public policy can
influence final demands (e.g. demand for cars and gas induced by highway
construction or reduced by a horsepower tax), these rankings can be of value
to policymakers.
For each fuel, the entries in Tables ka. through he were obtained by
multiplying the energy intensity of each product by the total final demand
for that product in 1963. Results are expressed as percentages of the total
U. S. energy consumption for each fuel.
Figures for individual fuels are not directly additive to obtain the
results in Table kf . The above figures represent fuel allocated to
final demands for each product , and double-counting would result from
simply adding allocations of primary and secondary fuels. Therefore a
weighted sum is used, as described in Appendix A, to obtain the total
primary energy allocations. Results are expressed as percentages of the
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83. ENERGY INPUT ANALYSIS
When you purchase anything, you are using energy. This statement holds
equally for an individual consumer and a factory manager. With energy prices
rising, and dependability of supplies increasingly threatened, there is good
reason to know the details of one's dependence on energy.
This section discusses the analysis of a firm's energy requirements
through its inputs — its purchases of fuels and other goods and services.
We shall ask questions such as: of all the coal required to make a car, how
much was supplied directly to the auto manufacturer? How much was needed
to make the steel that was shipped to the auto manufacturer? The glass? The
rubber? And so on.
This information may be used in several ways.
1. If a firm desires to conserve energy, this information would indicate
the relative impact of various schemes.
a. Conservation by improved efficiency. For example, a hypo-
thetical factory might machine aluminum. What are the relative
energy impacts of a 5% decrease in electricity use (more ef-
ficient lighting) and a 3% decrease in the use of bulk aluminum
(by more careful machining techniques?)
b. Conservation by substitution. For example, switching from
plastic to paper wrapping materials. (This would require a
knowledge of the energy intensity — e.g., total Btu's per
unit of service rendered — of the two alternatives).
2. Even if a firm has no conservation ethic, it would like to know which
of its inputs (besides energy.') is most likely to increase in price
or become scarce as a result of energy shortages. For example,
chemical fertilizers are very energy intensive, and account for
approximately 20% of the total energy requirements of the feed grains
industry.
The energy coefficients developed in ref . 1 allow conversion of the list
of dollar purchases by a firm to the energy needed to produce them. A firm
can thus, in principle, construct its own energy flow picture. This is a
non-trivial task, however; see Appendix C.
In this report we have performed input energy analysis for the 360-odd
sectors of the U.S. economy (for 19&3) as defined in the U.S. Department
of Commerce Input-Output study [2], These sectors represent aggregates
and averages appropriate to the U.S. economy at that time, and do not neces-
sarily describe any particular firm. The results can be used in tvo basic
ways :
1. To give a detailed picture of the energy input structure of each
sector, and the variation of this structure from one sector to
another.
2. To offer, for a given type of firm, the national average energy
flow. This allows a manager to compare his own firm with the average.
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3.1 Theory
This section goes into some detail, and many readers may find it non-
essential. We suggest that the reader with limited time skip this section,
read the results (Section 3.2), and return to here if it then seems de-
sirable or necessary.
The basic purpose is to demonstrate how we assign an energy value to
a non-energy purchase. Every product requires energy to be burned some-
where, and hence has an embodied or implied energy. A manufacturing pro-
cess will receive energy embodied in all its inputs, add more (the direct
energy burned in the process) , and pass the total along as embodied energy
in its output.
Assume for now that there is one energy sector, denoted by k = e.
Then the energy flow picture for a non-energy sector is:
/embodied energy^
j=l \ in input j
"*" energy embodied in k's output
Figure 2. Energy balance for a non-energy sector
Ideally, dissipated (burned, consumed) energy should be allocated among
products on the basis of physical units like tons of steel, gallons of milk,
etc. The method of ref. 1 approximates by assuming that embodied energy is





Figure 3. Allocating energy using dollars
where e
fc
= amount of embodied energy per dollar's worth of k.
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X ,, is the dollar transaction between sectors i and k, and X~ is the
total dollar output of k. e, is computed in ref. 1. The calcu-
lation is based on figure (3) with additional assumptions from input-output








Figure 4. Energy balance for an energy sector
Figure k illustrates the special case in which k is the energy sector,
e. Here the energy resource involved (including both domestic production
and imports of. that resource) is passed on as energy, EeQut , and is not al-
located by dollars. The energy content of purchases made by the energy sec-
tor from other sectors ( Z e X ), however, and the energy dissipated in the
j=l J ° e
energy sector (E ) are allocated by dollars in the same way it would be done
in the non-energy sector illustrated by Figure 3. Therefore, a sale of energy
by sector e contains an energy content (based on the physical unit - say kWhr)
and an embodied energy based on the dollars paid for that energy .
From the above picture (Figure 3) for a non-energy sector, we can
break down the inputs to sector k thus:
e.X41
-A
x 100, (j = 1,N) = percent of sector k's total energy
inputs from sector j allocated by
dollars. The energy sector e is
included
.
*This "mixed" treatment could be avoided such that the actual Btu's sold
would allocate all energy. The mixed treatment was used in Ref . 1 and
we use it here, but a different treatment is being studied.
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E percent of sector k's total energy inputs
e y
x ^-^^ = represented by actual Btu content of direct
energy purchases.
Energy sectors are more complex to analyze; see Appendix B. More
details of the theory, and the correspondence with ref . 1, are discussed
in Appendix A.
There are five energy sectors in the Department of Commerce Input-
Output data. Several are secondary energy producers, which convert part
of their energy inputs to other forms for sale. The primary-secondary
energy question leads to a problem.
Our scheme so far has let "dissipated" (burned) energy be allocated
by dollars - an approximation. If we extended this to several energies,
we would treat the coal energy dissipated in electricity production the
same way. (This is typically two-thirds of the coal so used.) The amount
of this coal implied by a purchase of electricity would depend on the
dollars spent for the electricity, not the actual kWhr delivered. Physi-
cally, this seems unreasonable (since the price of electricity varies
greatly) - and it can lead to contradictions. From this type of treatment
one could find, say, that a certain purchase of electricity implies a smaller
number of Btu's of coal burned in power plants than is delivered as elec-
tricity, which violates the conservation of energy.
We, therefore, want a scheme that explicitly allocates this coal on
a physical basis. A method was developed in ref. 1, Section IIC.
For illustration, consider an economy with two energy sectors, coal
and electricity. Much coal is burned to produce electricity, but little
electricity is used in coal mining. First, recall that in the absence of








Figure 5. Coal energy balance for the electric utility sector without
coal allocation scheme.
Where c = coal, e = electricity. Here all coal burned in sector e is allo-
cated by dollars since no coal is sold (as coal) by this sector.
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With the allocation scheme, the electric utility sector's picture is:
N












Figure 6. Coal energy balance for the electric utility-
sector with allocation scheme.
Note the definition of C in the figure, and that no coal dissipation in
the electric utility sector is shown.
Sector e now is said to allocate all of its coal input on the basis of
its electricity output. The only coal dissipated (burned) in e is that
implied by e's self use of electricity (transmission losses, etc.), and only
this is now allocated by dollars.
An arbitrary non-energy sector in this economy will thus have a separ-




















Figure 7. Combined coal and electricity balance for a non-energy sector
(Solid arrows refer to coal and the dotted arrows to electricity.)
lU
The electricity balance looks the same as before (Fig. 3), but the
coal balance contains an added term, C E
,
, which is the additional coal
ce ek
dissipation implied by consuming electricity.
In ref. 1, we applied this approach to handle a total of 5 large
energy flows from primary to secondary sectors (coal * electricity
;
crude * refined petroleum, gas utilities ; refined petroleum * elec-
tricity ; gas utilities * electricity). That is, they were "allocated"
using the matrix C. and were not shown as dissipated in the secondary
energy sector. The balance for a non-energy sector is:
N
j=l £ ij Xjk
*
e±A
ah c iJtE jtk
Figure 8. Non-energy sector with allocated energies
where i and JL both run over the 5 energy sectors, and c . = 1.
Figure 8 is the basis for the results we present in this report
The energy input breakdown is thus for sector k:
e.,X,.
x 100 (for i = 1, 5, j = 1,368) = percent
of sector k's total energy input of
energy type i resulting from k's








x 100 (for i = 1,5) = percent of sector k's total
energy input of energy i as actual Btu con-
tent of energy type i purchased.
x 100 (for i = 1,5; I - 1,5, except i = £)
= percent of sector k's total energy
input of energy type i allocated by
the actual Btu content of energy
type I purchased.
3.2 Results
3.2.1 General Description . Table 5 lists two sectors per page, the
energy input analyses of the non-energy sectors of the U. S. economy in
1963. (Energy sectors are treated in Appendix B) . Each page is arranged
thus:





: lk l 6k
-> I
Figure 9. Layout of energy input tables
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In Fig. 9, g , percentage of the total energy inputs of energy typeljK
i to sector k that resulted from k's direct purchases from product group
j. i runs over the five energy sectors; i = 6 is primary energy (the sum
of coal, crude oil and gas, and hydroelectric energies, as defined in
Appendix A.) j runs from 1 to 42, the first five being the energy sectors.
For the purposes of input analysis, the 368 sectors have been aggregated
into 42. The correspondence is listed in Table 6.
For j an energy sector, g. ., can be the sum of two terms: (1) actualljK
energy content (for i = j) or primary energy allocated through the actual
content of secondary energy (for i $ j), and (2) embodied energy allocated by
dollar purchase. Thus g11t contains the actual Btu's of coal plus that
embodied coal allocated by the dollars paid for coal, while g-./, contains
the coal allocated through the actual kWhr of electricity purchased plus





For h , the total inputs are broken into only two categories - actual
Btu content of energy purchases, and everything else, expressed on a per-
centage basis, i = 1,6 (energy sectors), j=l (actual content), 2 (every-
thing else, including embodied energy and that allocated by secondary-
primary allocation)
.
jil hijk " 100%
Finally, e , is the energy intensity of the output of sector k (i = 1,6),
as derived in ref. 1,
3. 2.2. Example
We shall illustrate from a page from Table 5, for k = I/O sector 2.02,
feed grains and grass seeds. Data are arranged to be read down, along the
columns, because they are normalized with respect to the energy intensities
shown at the bottom of each column. Sector 2.02 purchased no coal, crude
oil, or gas; the row entries for these energies (g. 1k
for J = 1> 2 ,5) are
zero, or (equivalently) , so are the direct energy fractions (hi „ for j
=
1,2,5). Sector 2.02 did purchase refined petroleum and electricity, however,
and these purchases implied consumption of other energies as well.
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1. Refined petroleum. For example, of all the refined petroleum re-
quired directly and indirectly by sector 2.02, 72.7% was required to satisfy
its demand for refined petroleum products (g- «, ,) . 64.5% was actual refined
petroleum energy content, (h.
^ ), and 72.7 - 64.5% = 8.2% was the addi-
JL • «J • K
tional refined petroleum energy penalty required for the economy to
deliver the actual gallons of fuel to sector 2.02. The remaining 27.3%(=100-72.7)
of 2.02's refined petroleum inputs reached it via other products. A small
amount (0.3%) resulted from the purchase of electricity; all the rest
(27.0%) was from non-energy sources.
Of the non-energy sources, the largest contributor was purchases from
agriculture and forestry (of which sector 2.02 is a member); the second
largest was from- chemicals and paints (7.7%). The former includes seed pur-
chases, while the latter is probably due to fertilizers and similar chemicals.
2. Electricity
Sector 2.02 purchased 18.1% of its total electricity inputs directly
(h.
, ,) ; an additional 19.6 - 18.1 - 1.5% was the electric energy penalty.
6.8% was required to supply 2.02's purchases of refined petroleum; the
remainder was embodied in non-energy purchases. 38.8%, almost two-fifths,
was required to provide the chemical and paint inputs
.
3. Coal
Although no coal was bought directly (h.
1
,
= 0) , 16.7% of the total
1,1, K
coal inputs resulted from energy purchases (g- _ , + g ) . 10.7% re-
suited from the purchase of electricity. The remainder was embodied in
non-energy purchases. 44.6% of the total coal input was conveyed by
the chemical and paint inputs.
Crude and gas are explained similarly.
4. Primary Energy
Primary energy is raw resource energy extracted from the ground plus
a fossil fuel equivalent of hydro and nuclear electricity. U3.9% of 2.02's
total primary inputs was purchased directly (h
]L g fc
); 53.8% of the total re-
sulted from energy purchases (gg k
+ gg ^ fc )
of which the great majority
(50.9 vs. 2.9%) came via refined petroleum purchases. Note that if the rela-
tive weight of electricity were larger, the energy penalty ratio would be
larger. Here it is 53. 8A3. 9 = 1.23; it would tend to exceed 3 if all energy
purchased were electricity reflecting the typical power plant efficiency of
around 32%.
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The rest of the primary inputs, 46.2%, are from non-energy inputs.
20.3% of the primary input of the feed grains sector is from its purchases
of chemicals and paints, e.g., fertilizers.
The data in this table are arranged to be read down, along the
columns. Attempting to add quantities along rows will yield "nonsense"
unless these quantities are weighted properly. The correct weighting
can be obtained from the energy intensity coefficients e,, , which gives
the total direct and indirect energy intensity of a dollar purchase of
product k for this purpose; note that primary energy is defined as coal
+ crude + 0.5948 x electricity.
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Sector aggregation scheme (368 to 42 sectors)
42-LEVEL TITLE
1. COAL MINING










10. FOOD, KINDRED PROD.
11. TEST, APPAREL




16. STONE, CLAY, GLASS
17. PRIMARY METALS




































































When sectors are denoted by an integer, all sectors with that integer to left of
decimal point are included. Thus ordnance, 13, contains 13.01-13.07.
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APPENDIX A. DETAILS OF CALCULATION OF INPUT COEFFICIENTS
This presentation parallels the discussion in Section 3.1. This is
based on ref. 1.
1. Energy balance in an economy with only one energy sector (Figs. 2,3).




(XX )=X/X. Input-Output theory assumes X /X s A = constant for
any value of X . Next, we define a direct energy coefficient R , which is
also assumed to remain constant.
Thus
e = R(I - A)"1
2. Energy balance in an economy with several energy sectors, both primary
and secondary. Sector k is a non-energy sector.
ih e±jxjk + «Si c i<tE -ik (r) - £iA for i " 1 - 5
where (r) denotes that the energy flows from primary to secondary energy
sectors have been set = 0.
20
e.(X - X)" 1 = C E(r)
e = C E(r)X
~1
(I - A)"1
= C R(r) (I - A)"1 .
The Input-Output assumptions have been applied again, and £ is given in ref . 1
£,., is the primary i
hydroelectric energies.







+ °- 5948 V
3. Energy Input Analysis (Refer to Section 3.2)
= Ml) 1m( .1) m( .1)H ij 2K x 100 , ± = 1,6
e
ik
where m(j) is the set of 368-level sectors contained in the j 42-level
sector (see Table 6) , and
C, . = C
.
+ C„. + 0.5948 C.
.





x 100, i = 1,5
ik
±h R(r)^
— V<- x 100, i = 6
£ 6k
h.n1 = 100 - h 4n .12k Uk
Additional note: The direct energy input percentages (h ,) computed
here differ from those in Section 2.2 by the factor (I - A)"£. The two
quantities answer two different but related questions. In Section 2.2
we asked: "Of the total energy of type i required to produce one dollar's worth
of product k, what percentage came directly to sector k as actual energy?"
21
We implied that the unit of product k would be delivered to us, i.e.,
prevented from becoming an input to another sector — in effect, there-
fore, a delivery to final demand. We know that sector k must produce
more than one unit in order for a unit to go to final demand; in fact,
(I - A) times as much. This factor was included in Section 2.2.
For purposes of energy input analysis this problem does not
arise. We want to know only what percentage of k's total energy inputs
were actual Btu's. The question of whether the output of k goes to final
demand is unimportant, and the factor (I_ - A) is not applicable.
22
APPENDIX B. THE ENERGY SECTORS
These cause some difficulty of interpretation because of the primary-
secondary energy treatment mentioned in Section 3.1. That scheme treats
(say) coal as if it "bypasses" the electric utility industry. If this
interpretation is used, the electric utility's dissipated inputs will not
include the coal, which seems unrealistic. On the other hand, the coal
can be included as an input. This approach does not change any of the
results we have obtained for the non-energy sectors, but does change
the picture for the energy sectors.
1. For an economy with a single energy sector, the energy balance
is (compare Fig. 4)
:
N
earth imports E (=E ,+ E, )eout earth imports
E






e X + E
e e eout
x 100 = percentage of total energy input to energy sector




-x 100 = percentage of total energy^input to energy sector
e X + E
e e eout e as actual energy content
We have adopted the convention, consistent with Input-Output analysis,
that the energy used by the energy sector e is sold back to itself, and
is hence included as part of the output.
23









Figure 11. Energy sectors with allocated energies
Imports are included thus: C. = E. /E where E includes imports
ie ie eout eout r
of energy type e.
We can define a quantity g. in analogy to g, ., in the main text, where
e is an energy sector. To do this we must first define a new energy output
coefficient for the energy sectors, defined as energy out divided by dollars
out:
Then
A - E /X. . e = 1,5
e eout j out
8ije
m(j)e, ...A ... + C..R(r). + C . fi 6..VJ/ im(j) m(,i)e 11 1e ie e i.j
ie ie e
x 100, i = 1,5
'6je
m(j) £6m(j) Am(j)e + C
6l
R (r)ie + Y 1e
e, + C, &
oe 6e e
x 100
where C, = C. + CL + 0.5948 C. , and6e le 2e 4e
CleV * = 1
0.5948 C. ft
, j = 44e e' J
0, j = otherwise
2k
This involved notation is needed to preserve the notion that primary
energy comes ultimately only from coal, crude or gas extraction, or
hydroelectricity.








.Z.RCr), + c, ni=l ie 6e e
e, + c £ n6e 6e e
x 100, i = 1,5








The quantities g_, . and h. . are printed in Table 7 .
°ije ije
Table 7. Energy input analysis of energy sectors.
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APPENDIX C. HOW TO PERFORM AN ENERGY INPUT ANALYSIS FOR A FIRM
A single firm's dollar output is small relative to the total output
of the U. S. economy. Hence we can assume that the energy coefficients
appropriate to the firm's inputs are those computed for the "unperturbed"
economy, as computed in ref . 1. Then each input purchase ($) can be
multiplied by the corresponding energy coefficient (Btu/$) to obtain
the energy implied by that purchase. The following rules must be
observed:
1. The purchases must be assigned to the appropriate Input-Output
sector. This involves determining which standard Industrial Classification
(SIC) covers the input (ref. 3) and then, which I/O category contains that
SIC classification (Table 1 of this report)
.
2. The purchases must be converted to producer's price, and the trade
and transportation margins must be applied to their appropriate Input-Output
sectors.
3. All costs must be deflated to the year for which the energy
coefficients were derived. The best deflators appear to be those pub-
lished by the Department of Commerce in the Survey of Current Business
every July.
A. Energy inputs are treated thus: the dollars paid are handled
as above, while the actual Btu content of secondary energies is used to
allocate primary fuels, as shown in Section 3.1.
5. The 1963 national average energy flows shown in this report
are based on inputs purchased on current account. For comparison with
the national average, one should disregard his firm's purchases of capital
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